SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1.0 

[METHOD AND APPARATUS FOR 
DETERMINING DOWNHOLE 
PRESSURES DURING A 
DRILLING OPERATION] 

Background of Invention 

[0001] This invention relates generally to the determination of various downhole 

parameters of a wellbore penetrated by a subsurface formation. More particularly, this 
invention relates to the determination of downhole pressures, such as annular 
pressure and/or formation pore pressure, during a wellbore drilling operation. In a 
typical drilling operation, a downhole drilling tool drills a borehole, or wellbore, into a 
rock or earth formation. During the drilling process, it is often desirable to determine 
various downhole parameters in order to conduct the drilling process and/or the 
formation of interest. 

Present day oil well operation and production involves continuous monitoring of 

various subsurface formation parameters. One aspect of standard formation 

evaluation is concerned with the parameters of downhole pressures and the 

permeability of the reservoir rock formation. Monitoring of parameters, such as pore 

pressure and permeability, indicate changes to downhole pressures over a period of 

time, and is essential to predict the production capacity and lifetime of a subsurface 

formation, and to allow safer and more efficient drilling conditions. Such downhole 

pressures may include annular pressure (P or wellbore pressure), pressure of the 

A 

fluid in the surrounding formation (P pore pressure), as well as other pressures. 

Techniques have been developed to obtain these parameters through wireline 
logging via a "formation tester"tool. This type of measurement requires a 



App[D- 10064774 



Page 1 of 29 



-fi jrw T i* -«UJ 7 \y tru -o *i! wr^-ii r«jj 

«'ltl4> -'in— 'W" -rl J i» -J,,. ,7^ 4V»> ■»«!-* -i-MOt' tflT* J 

supplemental "trip" downhole with another tool, such as a formation tester tool, to 
take measurements. Typically, the drill string is removed from the wellbore and a 
formation tester is run into the wellbore to acquire the formation data. After retrieving 
the formation tester, the drill string must then be put back into the wellbore for 
further drilling. Examples of formation testing tools are described in U.S. Patents No.: 
3,934,468; 4,860,581 ; 4,893,505; 4,936,139; and 5,622,223. These patents disclose 
techniques for acquiring formation data while the wireline tools are disposed in the 
wellbore, and in physical contact with the formation zone of interest. Since "tripping 
the well" to use such formation testers consumes significant amounts of expensive rig 
time, it is typically done under circumstances where the formation data is absolutely 
needed, or it is done when tripping of the drill string is done for a drill bit change or 
for other reasons. 

[0004] Techniques have also been developed to acquire formation data from a subsurface 
zone of interest while the downhole drilling tool is present within the wellbore, and 
without having to trip the well to run formation testers downhole to identify these 
parameters. Examples of techniques involving measurement of various downhole 
parameters during drilling are set forth in U.K. Patent Application GB 2,333,308 
assigned to Baker Hughes Incorporated, U.S. Patent Application No. 6,026,915 
assigned to Halliburton Energy Services, Inc. and U.S. Patent No. 6,230,557 assigned 
to the assignee of the present invention. 

[0005] Despite the advances in obtaining downhole formation parameters, there remains 
a need to further develop techniques which permit data collection during the drilling 
process. Benefits may also be achieved by utilizing the wellbore environment and the 
existing operation of the drilling tool to facilitate measurements. Figure 1 shows a 
typical drilling system and related environment. A downhole drilling tool 100 is 
extended from a rig 1 80 into a wellbore 1 1 0 and drilling fluid 1 20, commonly known 
as "drilling mud", is pumped into an annular space 1 30 between the drilling tool and 
the wellbore. The drilling mud performs various functions to facilitate the drilling 
process, such as lubricating the drill bit 1 70 and transporting cuttings generated by 
the drill bit during drilling. The cuttings and/or other solids mix within the drilling 
fluid to create a "mudcake" 1 60 that also performs various functions, such as coating 
the borehole wall. Portions of the drilling tool often scrape against the wellbore wall, 
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push away the mudcake and come into direct contact with the wellbore wail. 

[0006] The dense drilling fluid 1 20 conveyed by a pump 1 40 is used to maintain the 

drilling mud in the wellbore at a pressure (annular pressure P ) higher than the 

pressure of fluid in the surrounding formation 1 50 (pore pressure P ) to prevent 

formation fluid from passing from surrounding formations into the borehole. In other 

words, the annular pressure (P ) is maintained at a higher pressure than the pore 

pressure (P ) so that the wellbore is "overbalanced"(P >P ) and does not cause a 
P A p 

blowout. The annular pressure (P ) must also, however, be maintained below a given 
level to prevent the formation surrounding the wellbore from cracking, and to prevent 
lose drilling fluid from entering the surrounding formation. Thus, downhole pressures 
are typically maintained within a given range. 

[0007] The downhole drilling operation, known pressure conditions and the equipment 
itself may be manipulated to facilitate downhole measurements. It is desirable that 
techniques be provided to take advantage of the drilling environment to facilitate 
downhole measurements of parameters such as annular pressure and/or pore 
pressure. It is further desirable that such techniques be capable of providing one or 
more of the following, among others, measurements close to the drill bit, improved 
accuracy, simplified equipment, real time data and measurements during the drilling 
process. 

Summary of Invention 

[0008] A method and an apparatus consistent with the present invention includes an 
apparatus for measuring downhole pressures. The apparatus is disposed in a 
downhole drilling tool positionable in a wellbore having an annular pressure therein, 
the wellbore penetrating a subterranean formation having a pore pressure therein. 
The apparatus comprises at least one pressure equalizing mechanism and a pressure 
gauge. The at least one pressure equalizing mechanism is capable of equalizing an 
internal pressure of the apparatus with one of the annular pressure and the pore 
pressure. The pressure gauge measures the internal pressure. 



[0009] 



In another embodiment, the apparatus comprises a first fluid passage, a second 
passage, a control valve and a pressure gauge. The first passage is positionable in 



App JD= 10064774 



Page 3 of 29 



-4 ,q } nA ] ih ■"?■ *JK 

i-t-.i. ■r,«ii r fi , y , v „ 




fluid communication with the formation. The second fluid passage is in fluid 
communication with the wellbore. The control valve is capable of selectively 
connecting the first and second passage whereby an internal pressure in the first fluid 
passage is equalized to one of the annular pressure and the pore pressure. The 
pressure gauge is connected to the first fluid passage for measuring the internal 
pressure. 

[0010] In an embodiment consistent with the present invention, a downhole drilling tool 
capable of measuring downhole pressures during a drilling operation is provided. The 
downhole drilling tool is positionable in a wellbore having an annular pressure 
therein, the wellbore penetrating a subterranean formation having a pore pressure 
therein. The downhole drilling tool comprises a bit, a drill string, at least one drill 
collar connected to the drill string, at least one pressure mechanism and a pressure 
gauge. The pressure mechanism is disposed in the drill collar, the pressure 
mechanism capable of equalizing an internal pressure of the drill collar with one of 
the annular pressure and the pore pressure. The pressure gauge for measuring the 
internal pressure. 

[001 1] Finally, in yet another embodiment consistent with the present invention, a 

method of measuring downhole pressures during a drilling operation is provided. The 
drilling operation occurs in a wellbore having an annular pressure therein, the 
wellbore penetrating a formation having a pore pressure therein. The method 
comprises the steps of positioning a downhole drilling tool in a wellbore, the 
downhole drilling tool having a pressure equalizing mechanism therein, equalizing an 
internal pressure of the downhole drilling tool with one of the annular pressure of the 
wellbore and the pore pressure of the subterranean formation, and measuring the 
internal pressure. 

[001 2] There has thus been outlined, rather broadly, some features consistent with the 
present invention in order that the detailed description thereof that follows may be 
better understood, and in order that the present contribution to the art may be better 
appreciated. There are, of course, additional features consistent with the present 
invention that will be described below and which will form the subject matter of the 
claims appended hereto. 
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[0013] 



In this respect, before explaining at least one embodiment consistent with the 



present invention in detail, it is to be understood that the invention is not limited in 
application to the details of construction and to the arrangements of the components 
set forth in the following description or illustrated in the drawings. Methods and 
apparatuses consistent with the present invention are capable of other embodiments 
and of being practiced and carried out in various ways. Also, it is to be understood 
that the phraseology and terminology employed herein, as well as the abstract 
included below, are for the purpose of description and should not be regarded as 
limiting. 

[0014] As such, those skilled in the art will appreciate that the conception upon which 
this disclosure is based may readily be utilized as a basis for the designing of other 
structures, methods and systems for carrying out the several purposes of the present 
invention. It is important, therefore, that the claims be regarded as including such 
equivalent constructions insofar as they do not depart from the spirit and scope of the 
methods and apparatuses consistent with the present invention. 



Brief Description of Drawings 



[0015] 



Fig. 1 is an elevational view, partially in section and partially in block diagram, of a 



conventional drilling rig and drill string employing the present invention. 



[0016] 



Fig. 2 is an elevational view, partially in cross-section, of a bottom hole assembly 



(BHA) forming part of a drilling system and having pressure equalizing assemblies in 



accordance with the present invention. 



[0017] 



Figs. 3A and 3B is a cross-sectional view, partially in block diagram, of a pressure 



equalizing assembly of Figure 2 in greater detail. 



[0018] 



Figs. 4A and 4B are cross-sectional views, partially in block diagram, of a pressure 



assembly forming part of the pressure equalizing assembly of Figures 3A and 3B. 



[0019] 



Fig. 5 is an elevational view, partially in cross-section, of an alternate embodiment 



of the BHA of Figure 2 including an under reamer. 



Detailed Description 
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[0020] Fig. 1 illustrates a conventional drilling rig and drill string in which the present 
invention can be utilized to advantage. Land-based rig 1 80 is positioned over 
wellbore 1 1 0 penetrating subsurface formation F. The wellbore 1 1 0 is formed by 
rotary drilling in a manner that is well known. Those of ordinary skill in the art given 
the benefit of this disclosure will appreciate, however, that the present invention also 
finds application in other drilling applications, such as directional drilling and rotary 
drilling, and is not limited to land-based rigs. 

[0021] Drill string 1 90 is suspended within wellbore 1 1 0 and includes drill bit 1 70 at its 
lower end. Drilling fluid or mud 1 20 is pumped by pump 1 40 to the interior of drill 
string 1 90, inducing the drilling fluid to flow downwardly through drill string 1 90. The 
drilling fluid exits drill string 190 via ports in drill bit 170, and then circulates 
upwardly through the annular space 1 30 between the outside of the drill string and 
the wall of the wellbore as indicated by the arrows. In this manner, the drilling fluid 
lubricates drill bit 170 and carries formation cuttings up to the surface as it is 
returned to the surface for recirculation. 

[0022] Drill string 190 further includes a bottom hole assembly (BHA), generally referred 
to as 1 50. The bottom hole assembly may include various modules or devices with 
capabilities, such as measuring, processing, storing information, and communicating 
with the surface, as more fully described in US Patent No. 6,230,557 assigned to the 
assignee of the present invention, the entire contents of which are incorporated herein 
by reference. 

[0023] 

As shown in Figure 1 , bottom hole assembly 1 50 is provided with stabilizer blades 
195 extending radially therefrom. One or more stabilizing blades, typically positioned 
radially about the drill string, are utilized to address the tendency of the drill string to 
"wobble" and become decentralized as it rotates within the wellbore, resulting in 
deviations in the direction of the wellbore from the intended path (such as a straight 
vertical line, curved wellbore or combinations thereof)- Such deviation can cause 
excessive lateral forces on the drill string sections as well as the drill bit, producing 
accelerated wear. This action can be overcome by providing a means for centralizing 
the drill bit and, to some extent, the drill string, within the wellbore. Examples of 
centralizing tools that are known in the art include pipe protectors, wear bands and 
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other tools, in addition to stabilizers. 

[0024] Figure 2 depicts a portion of a downhole drilling tool disposed in a wellbore, such 
as the downhole drilling tool of Figure 1 , having a bottom hole assembly (BHA) 200 
illustrating a preferred embodiment of the present invention. The BHA 200, as shown 
in Figure 2, includes a drill collar 21 0 made of metal tubing, a drill bit 220, stabilizer 
blade 230, wear band 240 and pressure equalizing assemblies 205. 

[0025] The BHA 200 of Figure 2 is adapted for axial connection with a drill string 21 5. 

Drill collar 2 1 0 of Figure 2 may be equipped with pin and box ends (not shown) for 
conventional make-up within the drill string. Such ends may be customized collars 
that are connected to the central elongated portion of drill collar 210 in a 
manner, such as threaded engagement and/or welding. 

[0026] Drilling fluid , or drilling mud, flows down the center of the cylindrically-shaped 

drill collar 210 of the BHA 200, out ports (not shown) in the drill bit 220, up an 

annular space 250 between the drill collar 210 and the borehole 260, and back up to 

the surface as indicated by the arrows. The drilling fluid mixes with cuttings from the 

drill bit 220 under annular pressure (P ) in the wellbore, and forms a mud cake 270 

A 

along the walls of the wellbore 260. 

[0027] As shown in Figure 2, the BHA 200 is provided with a stabilizer blade 230 
positioned in a spiral configuration about drill collar 210. It will, however, be 
appreciated that a variety of one or more stabilizers may disposed about the drill 
collar 210, such as the linear stabilizer blades 195 disposed radially about bottom 
hole assembly 1 50 of Figure 1 . Other configurations of stabilizers, if present, may be 
envisioned with various components to enhance the movement and/or stability of the 
drill collar within the wellbore as described in U.S. Patent No. 6,230,557, previously 
incorporated herein. 

[0028] 

With continuing reference to Figure 2, the BHA 200 is also preferably provided 
with at least one wear band 240 adapted to protect the BHA from damage in the 
wellbore. As shown in Figure 2, the wear band 240 is generally circular and extends 
radially about the drill collar. While Figure 2 depicts a single, circular wear band 
extending a given distance radially about the drill collar, it will be appreciated by one 
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of skill in the art that other configurations of one or more wear bands, if present, may 
be disposed about various portions of the drill collar to provide protection thereto. 



Figure 2 as extending a distance radially beyond the drill collar 21 0, and contacting 
portions of the borehole. For example, stabilizer blade 230 contacts the borehole at 
contact surface 280 and wear band 240 contacts the borehole at contact surface 290. 
As shown in Figure 2, portions of the BHA 200 contact the wellbore and scrape away 
mudcake 270 such that the contact surfaces come in direct contact with the wellbore 
wall 260. 

[0030] While contact surfaces 280 and 290 are depicted as being in contact with portions 
of the wellbore, high vibration, movement in the wellbore, variation in the drilling path 
and other factors may cause various portions of the BHA 200 to come in contact with 
the wellbore. Gravitational pull typically causes the contact surfaces on the bottom 
side of the BHA to contact the lowest points along the wellbore. Additionally, the 
portions of the BHA extending the furthest from the drill collar typically contact the 
wellbore. However, other points of contact may occur along other surfaces of the drill 
collar under various wellbore conditions and with various tool configurations. 

[0031] Referring now to Figures 3A and 3B, a pressure equalizing assembly positioned in 
wear ring 240 the BHA of Figure 2 is depicted in greater detail. Figure 3A shows the 
pressure equalizing assembly 205 having a contact surface 290 in engagement with 
the wellbore 260. Figure 3B shows the pressure equalizing assembly 205 having a 
contact surface 290 in non-engagement with the wellbore 260. The preferred 
embodiment of pressure equalizing assembly 205 includes a filter 300, a first conduit 
310, a pressure gauge 340, a pressure controller 320 and a second conduit 330. An 
opening 370 extends through the contact surface 290 and allows filtered fluids to 
flow therethrough. An opening 360 extends through a portion of the drill collar 210 
and allows fluid to flow therethrough. 

[0032] Filter 300 is adapted to allow fluids to pass through opening 370 while preventing 
solids or drilling muds from entering the BHA 200. The filter 300 may be any filter 
capable of preventing drilling fluids, drilling muds and/or solids from passing into 
conduit 31 0 without clogging. An example of a porous solid, such as a sintered metal, 



[0029] 



The drill bit 220, the stabilizer blade 230 and the wear band 240 are depicted in 
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usable as a filter may be obtained from CKN Sinter Metals of Richton Park, Illinois, 
available atwww.gkn-filters.com. The porous solid may be a porous ceramic. 

[0033] The first conduit 310 extends from the filter 300 to pressure controller 320, and 
provides a fluid pathway or chamber between opening 370 and pressure equalizing 
assembly 390. The second conduit 330 extends from the pressure controller 320 to 
opening 370, and provides a fluid pathway or chamber from the pressure equalizing 
assembly 390 to the wellbore. 

[0034] As shown in Figures 3A and 3B, the drill collar 210 is depicted as being in non- 
engagement with the wellbore 260. In this position, fluid from the wellbore is in fluid 
communication with second conduit 330. In Figure 3A, the wear band 240 is in direct 
contact with the wellbore 260 such that the contact surface 290 is flush thereto, and 
the first conduit 310 is in fluid communication with the formation. In contrast, as 
shown in Figure 3B, the wear band 240 is in non-engagement with the wellbore 260, 
and fluid in first conduit 310 is no longer in fluid communication with the formation. 
Because filter 370 prevents drilling muds from entering conduit 31 0, the first conduit 
310 is typically prevented from establishing fluid communication with the wellbore or 
the mud cake. 

[003 5] The pressure equalizing assembly 205 preferably further includes a pressure 

gauge 340 to measure the pressure of the drilling fluids in conduit 310. The pressure 
gauge may be provided with and associated measurement electronics, known as an 
annular pressure while drilling (APWD) system. The pressure gauge 340 may be used 
to monitor conditions uphole, provide information for the actuator, check valve or 
other operational devices and/or to make uphole or downhole decisions using either 
manual or automatic controls. 

[0036] Referring now to Figures 4A and 4B, the pressure controller 320 of Figures 3A and 

3B is shown in greater detail. The pressure controller 320 includes a pressure cylinder 
420 and a valve assembly 410. Figure 4A depicts the valve assembly 410 in the open 
position, while Figure 4B depicts the valve assembly 41 0 in the closed position. 

[0037] 

The cylinder 420 of the pressure controller includes a movable fluid separator, 
such as a piston 430, defining a variable volume drilling fluid chamber 440 and a 
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variable volume buffer fluid chamber 450. The piston 430 moves within the cylinder 
420 in response to pressure such that pressure is equalized between the fluid 
chamber 440 and the buffer chamber 450. 

[0038] The fluid chamber 440 is in fluid communication with conduit 330. Fluid in 

chamber 440, therefore, typically contains wellbore fluids flowing into conduit 330 
through opening 360 as previously described with respect to Figures 3A and 3B. In 
contrast, buffer chamber 450 of Figures 4A and 4B is provided with a buffer fluid used 
to respond to the fluid pressure in the piston and advance through the pressure 
equalizing assembly. Preferably, low viscosity hydraulic fluid, such as Exxon Mobil 
Univis J26, Texaco Hydraulic Oil 5606G, etc., or other fluids, such as nitrogen gas, 
water, etc. may be utilized. The buffer chamber 450 is in selective fluid 
communication with conduit 3 1 0 via valve assembly 41 0. 

[0039] Referring still to Figures 4A and 4B, valve assembly 41 0 preferably includes a 

sliding valve 460, a spring 470, an actuator 480 and an internal check valve 490. The 
sliding valve 460 is movable between an open position as depicted in Figure 4A, and a 
closed position as depicted in Figure 4B, to selectively allow pressure equalization 
between buffer chamber 450 and conduit 310. 

[0040] The spring 470 of valve assembly 41 0 is preferably provided to apply a force to 
maintain the sliding valve in the open position. However, an actuator is preferably 
provided to selectively move the valve between the open and closed position as will be 
described further with respect to Figure 4B. When the activator is not acting upon the 
valve, the spring will maintain the valve in the open position as depicted in Figure 4A. 

[0041] In the open position of Figure 4A, the sliding valve 460 operatively connects 

buffer chamber 450 with conduit 310. In other words, sliding valve 460 provides fluid 
communication between buffer chamber and conduit 310. In this position, pressure 
equalization may be established between buffer chamber 450 and conduit 310. 

[0042] 

Because pressure equalization is already established between buffer chamber 450 
and fluid chamber 440, pressure equalization may also be established between 
conduit 310 and fluid chamber 440 via buffer chamber 450. Thus, in the open 
position, pressure in conduit 3 1 0 equalizes to the same pressure as fluid in the buffer 



App ID= 10064774 



Page 10 of 29 



wjl -v n 



1 



chamber 450, the fluid chamber 440 and the wellbore. Because the pressure in buffer 
chamber 450 is typically the annular pressure (A ), the pressure gauge 340 (Figure 
3) registers this annular pressure. 

[0043] Referring back to Figure 4A, as wellbore fluid enters fluid chamber 440, piston 
430 moves within cylinder 420 in response to a change in pressure. The piston 
adjusts the volume of fluid chamber 440 with respect to buffer chamber 450 until 
pressure equalizes. Where pressure is higher in conduit 330 than in conduit 3 1 0, the 
piston moves to expand the fluid chamber and contract the buffer chamber. As the 
buffer chamber contracts, buffer fluid is forced from buffer chamber 450, through 
sliding valve 460 and out through conduit 310 until the pressure equalizes. 
Preferably, a check valve 490 is preferably provided to prevent entry of the fluid from 
conduit 3 1 0 through sliding valve 460 to the buffer chamber 450. The check valve 
may be either manually or automatically adjusted to control the flow of fluid between 
the buffer chamber 450 and conduit 3 1 0. 

Optionally, the valve assembly may be configured such that, where the pressure 
from conduit 330 and fluid chamber 440 is less than the pressure in buffer chamber 
450, piston 430 will move such that the buffer chamber 450 expands and the fluid 
chamber 440 retracts. Fluid from conduit 330 would then be pushed out of the 
pressure equalizing mechanism through opening 360 and into the wellbore. 

Referring now to Figure 4B, sliding valve 460 has been shifted from the open 
position of Figure 4A to the closed position. The actuator 480 is preferably provided 
to selectively overcome the force of the spring and move the sliding valve between the 
open and closed position. The actuator 480 overcomes the force of spring 470 to 
move the sliding valve 460 to the closed position in responsive to a signal or 
command. 

[0046] Preferably, the actuator is capable of moving the valve to the closed position when 
the drilling operation has stopped and the BHA is at rest. Other signals or commands 
may be used to signal the actuator to shift the valve between the open and closed 
position, such as a pressure reading from gauge 340, operator input or other factors. 
The actuator may be hydraulically, electrically, manually, automatically or otherwise 
activated to achieve the desired movement of the valve. 



r 
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[0047] In the closed position of Figure 4B, the sliding valve prevents fluid communication 
and/or pressure equalization between the buffer chamber 450 and conduit 310. The 
pressure of conduit 310 when the valve is in the closed position depends on whether 
contact surface 3 70 is adjacent the wellbore as in Figure 3A, or in non-engagement 
with the wellbore as in Figure 3B. 

[0048] When the valve is in the closed position and contact surface 370 is in engagement 
with the wellbore as shown in Figure 3A, fluid communication is established between 
conduit 310 and the formation. Once fluid communication is established, fluid 
pressures will equalize between the conduit 310 and the fluid in the formation. The 
pressure in gauge 340 will then read the pressure of the fluid in the formation, 
namely the pore pressure (P p ). 

[0049] When the valve is in the closed position and contact surface 370 is in non- 
engagement with the wellbore as shown in Figure 3B, conduit 310 is isolated from 
wellbore pressures by the sliding valve 460 at one end and the filter 300 on another 
end thereof. The conduit 310, therefore, maintains the annular pressure achieve when 
the sliding valve was in the open position. Thus, the pressure in gauge 340 will 

continue to read the annular pressure (P ). 

A 

[0050] While Figures 2-4 depict multiple individual equalizing assemblies, it will be 

appreciated that one or more pressure equalizing assembly may be provided with its 
own pressure controller, or multiple pressure equalizing assemblies may be operated 
by the same pressure controller. Conduit 330 may be provided with multiple channels 
to various openings 370 about the BHA and/or downhole tool. Conduit 310 may be 
provided with multiple channels to various filters about the BHA and/or downhole 
tool. Conduits 330 and/or 310 may have channels diverted to various locations about 
the BHA and/or downhole tool. Valves or other controls or configurations may be 
envisioned to selectively control fluid flow through the conduits as desired. 

[0051] | n operation, the downhole drilling tool advances to drill the wellbore as shown in 
Figure 1. As a BHA or other portion of the drilling tool advances, wellbore fluid is 
permitted to flow from the wellbore, through opening 360 and into conduit 330 of the 
pressure equalizing assembly (Figure 3B). As the drilling tool operates and/or moves 
through the wellbore, valve assembly 410 remains in the open position (Figure 4A). In 
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the open position, wellbore fluid is permitted to flow into conduit 330, activate piston 
430 and move to equalize pressure in the fluid and buffer chambers. Buffer fluid is in 
fluid communication with conduit 31 0 and permits pressure equalization between the 
buffer chamber and conduit 310. The pressure eventually equalizes to the pressure of 
the fluid in the wellbore, namely the annular pressure (P ). Pressure gauge 400, 
therefore, typically registers at the annular pressure (P ) when the drilling process is 
occurring and/or the sliding valve is maintained in the open position. The pressure 
equalizing device continues to operate to equalize the annular pressure within the 
pressure equalizing assembly. 

[0052] During the drilling process, the BHA of the drilling tool scrapes the sidewall of the 
wellbore to provide contact between a surface of the BHA and the wellbore. The BHA 
may come to rest during the drilling process, either due to pauses in the drilling 
operation or intentional stops for measurements (Figure 4B). In this position, 
termination of movement and vibration of the drilling tool signals the actuator to shift 
the sliding valve to the closed position. The fluid in the conduit 310 is then isolated 
from the fluid and pressure of the wellbore via the sliding valve at one end and the 
filter at another end thereof. 

[0053] If the contact surface of the BHA is in contact with the wellbore wall (Figure 3A), 
fluid communication may be established between the formation and conduit 310. 
Pressure is then equalized between the formation and the conduit 310. Pressure 
gauge 340, therefore, typically registers the pressure of the fluid in the formation and 
the conduit, namely the pore pressure (P ). Thus, when contact surface 290 and filter 
300 are in contact with the wellbore and the BHA is at rest, the actuator will move to 
the closed position and pressure will equalize between the first conduit 31 0 and the 
fluid formation so that the pressure gauge measures the pore pressure. 

[0054] 

On the other hand, if the contact surface of the BHA is in non-engagement with 
the wellbore wall (Figure 3B), fluid in conduit 310 is isolated at one end by the closed 
sliding valve and at the other end by the filter 300. Should the pressure equalizing 
assembly be at rest in a position where conduit 31 0 is not in contact with the 
formation via filter 300, such as when drilling fluid, mud cake or other solids interfere 
with fluid flow into conduit 3 1 0, the fluid in conduit 3 1 0 will remain at the equalized 
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pressure and the gauge will continue to read the annular pressure (P ). 

[0055] The downhole drilling tool may continue through various stops and starts and 

movement through the wellbore. As the tool stops and starts, the sliding valve will 

react and selectively establish communication between the conduit 310 and the buffer 

chamber 450 (Figures 4A and 4B). Typically, the drilling tool begins with the sliding 

valve in the open position and moves to the close position when the tool comes to 

rest. While in the open position (Figure 4A), the conduit 3 1 0 is typically equalized to 

the higher annular pressure (P ). When the tool comes to rest (Figure 4B) and 

A 

conduit 3 1 0 establishes fluid communication with the formation, the pressure in 
conduit 3 1 0 must lower to pore pressure (P ). When the tool begins movement 
again, the sliding valve resets to the open position and annular pressure is re- 
established in conduit 310. The various changes in pressure may be monitored and 
compared with pressures throughout the drilling process and/or as measured by 
other downhole devices about the BHA. This information may be used to analyze the 
drilling process and determine various characteristics of the wellbore, formation, 
drilling tool and/or drilling process, among others. 

[0056] Figure 5 shows an alternate embodiment of the BHA 5 1 0 of Figure 2, and is 

connected to drill string 51 5 and drill bit 520. The BHA 510 includes an under reamer 
500 and pressure equalizing assemblies 505. The BHA 510 is depicted in Figure 5 has 
having a contact surface 540 along under reamer 500 in contact with the wellbore 
560. In this embodiment, the BHA does not include stabilizers, although stabilizers 
may optionally be incorporated. 

[0057] As depicted in Figure 5, the BHA may be provided with a variety of devices that 

extend from the drill collar and are capable of providing contact surfaces for pressure 
equalizing assemblies, such as stabilizers, wear rings, drill bits, under reamers, and 
other devices. Optionally, pressure equalizing assemblies may also be positioned 
along the drill collar itself. Additionally, the BHA may be located at various positions 
along the drill string. 

[0058] While the invention has been described with respect to a limited number of 

embodiments, those skilled in the art, having benefit of this disclosure, will appreciate 
that other embodiments can be devised which do not depart from the scope of the 
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invention as disclosed herein. For example, embodiments of the invention may be 
easily adapted and used to perform specific formation sampling or testing operations 
without departing from the spirit of the invention. Accordingly, the scope of the 
invention should be limited only by the attached claims. 
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